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ABSTRACT Pre l iminary  ope ra t ions  such a s  d a t a  checking ,  
gap f i l l i n g  and f i e l d  su rveys ,  t oge the r  wi th  a thorough 
a n a l y s i s  of t h e  phys ica l  f a c t o r s  c o n t r o l l i n g  r u n o f f ,  a r e  
a l l  abso lu t e ly  necessa ry .  For most p a r t s  of a zone t h e  
runoff d e f i c i t  is  s t a b l e  ( e x h i b i t i n g  v a r i a t i o n s  with 
p r e c i p i t a t i o n ,  temperature  and phys iographica l  f a c t o r s )  
pe rmi t t i ng  an e s t ima t ion  of  annual runof f .  For small  
bas ins  formulae der ived  from r e p r e s e n t a t i v e  b a s i n s  g ive  
annual runoff  i n  terms of most of i t s  determining f a c t o r s .  
Combined wi th  t h e  u n i t  hydrograph these  r e p r e s e n t a t i v e  
bas ins  permit  t h e  computation of t h e  10 year f lood  f o r  
ungauged b a s i n s .  For l a r g e r  b a s i n s ,  one may d e r i v e  long  
time s e r i e s  of computat ions by us ing  c o r r e l a t i o n s  between 
d ischarge  d a t a  from neighbouring s t a t i o n s  (mean o r  maximum 
d i scha rge ) .  I n  g e n e r a l ,  t h e  d i s t r i b u t i o n  curves  a r e  n o t  
f a r  from normal,  w i th  a low c o e f f i c i e n t  of v a r i a t i o n ,  b u t  
t h e  pseudo-cycles of w e t  and dry  years  cause  p e r t u r b a t i o n s .  
Areas t h a t  a r e  r e l a t i v e l y  dry o r  a f f e c t e d  by cyc lones  
present  d i f f i c u l t  problems. 
C a l c u l s  h y d r o l o g i q u e s  p o u r  1:amgnagement d e s  r e s s o u r c e s  en 
e a u  d a n s  l e  c a s  d e  d o n n e e s  i n s u f f i s a n t e s  
RESUME L e  c o n t r ô l e  des  données e t  une ana lyse  minut ieuse  
s u r  l e  b a s s i n ,  des  f a c t e u r s  de l 'écoulement  sont  absolument 
n é c e s s a i r e s .  Dans l a  majeure p a r t i e  de l a  zone é t u d i é e  l e  
d é f i c i t  d 'écoulement s t a b l e  ( v a r i a t i o n s  p rogres s ives  avec 
l e s  p r é c i p i t a t i o n s ,  l a  température  et  les  f a c t e u r s  physio- 
graphiques)  permet l ' e s t i m a t i o n  du module annuel .  Pour 
l e s  p e t i t s  b a s s i n s  des  formules  dédu i t e s  des  données de 
bas s ins  r e p r é s e n t a t i f s  déterminent  l e  module annuel en 
fonc t ion  de l a  p l u p a r t  des  f a c t e u r s  c o n d i t i o n n e l s .  
Combinées avec l ' e m p l o i  de l'hydrogramme u n i t a i r e  ces  
données permet ten t  l e  c a l c u l  de l a  c rue  décennale .  Pour 
l es  grands b a s s i n s  p a r  c o r r é l a t i o n  avec l e s  d é b i t s  d 'une  
s t a t i o n  v o i s i n e  ( d é b i t  moyen ou maximum) on r e c o n s t i t u e  
une longue série tempore l le  pour l a  p lupa r t  des  c a l c u l s .  
En généra l  l a  d i s t r i b u t i o n  vo i s ine  de l a  d i s t r i b u t i o n  
normale,  l e  f a i b l e  c o e f f i c i e n t  de v a r i a t i o n  f a c i l i t e n t  
c e t t e  t â c h e ,  mais les  pseudo-cycles d 'années sèches  e t  
humides appor ten t  des  p e r t u r b a t i o n s .  L e s  r ég ions  r e l a t i v e -  
ment sèches  ou a f f e c t é e s  pa r  l e s  cyclones p ré sen ten t  de 
sé r i eux  problèmes. 
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INTRODUCTION 
Hydro log i s t s  a r e  not  o f t e n  s a t i s f i e d  wi th  t h e  information a v a i l a b l e  
f o r  hydro log ica l  computations needed f o r  t h e  planning and des ign  of  
a water  r e sources  p r o j e c t .  Th i s  i s  p a r t i c u l a r l y  t r u e  i n  humid 
t r o p i c a l  areas: raingauge and f low gauging networks a r e  g e n e r a l l y  
s p a r s e ,  t h e  q u a l i t y  of t h e  d a t a  is sometimes poorer  than  i s  d e s i r a b l e ,  
t h e  l e n g t h  of t i m e  series is o f t e n  t o o  s h o r t ,  and f o r  some c o u n t r i e s  
t h e  e s t i m a t i o n  of des ign  f l o o d s  is made ve ry  d i f f i c u l t  by 
c a t a s t r o p h i c  f l o o d s  produced by cyc lones .  
On t h e  o t h e r  hand humid t r o p i c a l  a r e a s  may o f f e r  some hydro log ica l  
c h a r a c t e r i s t i c s  which o f t e n  f a c i l i t a t e  t h e s e  computat ions.  With t h e  
except ion  o f  a r e a s  a f f e c t e d  by cyc lones ,  t h e  meteoro logica l  mechanism 
gene ra t ing  r a i n f a l l  i s  r e l a t i v e l y  s imple  and t h e  c h a r a c t e r i s t i c s  of 
t h e  p r e c i p i t a t i o n  can e a s i l y  be  e s t i m a t e d .  The s t a t i s t i c a l  d i s t r i b -  
u t i o n s  of  mean annual  d i scha rges  and of maximum f loods  a r e  not  t oo  
d i f f e r e n t  from normal d i s t r i b u t i o n s ,  with low or r e l a t i v e l y  low 
c o e f f i c i e n t s  o f  v a r i a t i o n .  There i s  o f t e n  good c o r r e l a t i o n  between 
t h e  d i scha rge  of neighbouring r i v e r s  o r  between t h e  maximum annual  
and t h e  mean annual  d i scha rge .  Water ba lance  computations o r  t h e  use  
of t h e  concept  of t h e  runoff d e f i c i t  o f f e r s  b e t t e r  p o s s i b i l i t i e s  than  
i n  a r i d  c o u n t r i e s .  Sometimes a t  l a s t ,  f o r  l a r g e  r i v e r s  some v e r y  
long  t i m e  ser ies  have been provided  by nav iga t ion  s e r v i c e s .  
PRELIMINARY WRK 
To make b e s t  u se  of meagre d a t a  it i s  necessary  t o  have a p e r f e c t  
knowledge of t h e s e  d a t a .  A thorough checking  of  r a i n f a l l  and runoff  
d a t a  and of  r a t i n g  curves  is  e s s e n t i a l .  I t  i s  a l s o  important t o  
improve t h e s e  d a t a .  F i n a l l y ,  it i s  impossible  t o  c a r r y  out  hydrolog- 
i c a l  computat ion without  having  a good knowledge of t he  phys ica l  
c h a r a c t e r i s t i c s  o f  bo th  t h e  b a s i n  and t h e  r i v e r .  A l l  t h e s e  t h i n g s  do 
n o t  on ly  apply  t o  humid t r o p i c a l  a r e a s .  Here, w e  s h a l l  only r e c a l l  
what i s  s p e c i f i c  t o  t h e s e  r eg ions .  
Most of  t h e  r a i n f a l l  ( i n  some c o u n t r i e s  a l l  r a i n f a l l )  cor responds  
t o  convect  i v e  s torms cover ing  r e l a t i v e l y  smal l  a r e a s .  Consequent ly ,  
for s m a l l  b a s i n s ,  t h e  c o r r e l a t i o n  between t h e  p r e c i p i t a t i o n  a t  r a in -  
gauges say more than  50-100 km a p a r t ,  is  bad wi th  t h e  except ion  of  
ve ry  w e t  y e a r s ,  when t h e r e  a r e  very many s torms  over  a l a r g e  a r e a ,  o r  
very dry  y e a r s  when t h e r e  a r e  very few. For  l a r g e  bas ins  t h e r e  i s  
o f t e n  a good c o r r e l a t i o n  between mean annual  d i scharge  and correspond- 
i n g  maximum d i scha rge .  The c o r r e l a t i o n  between t h e  p r e c i p i t a t i o n  of  a 
r a i n y  season  and t h e  mean annual  d i scha rge  may be  s a t i s f a c t o r y  i f  
t h e r e  a r e  more than  two or t h r e e  ra ingauges  i n  t h e  bas in .  During 
cyc lon ic  p r e c i p i t a t i o n  it may happen t h a t  ra ingauges  a r e  over-f i l l e d  
and a l s o  t h a t  75-90% of  them are des t royed .  A l l  such informat ion  
should be  u t i l i s e d  when checking  d a t a  and f o r  f i l l i n g  gaps i n  a 
r eco rd .  Th i s  l a s t  ope ra t ion  must be  achieved a s  f a r  a s  p o s s i b l e ;  w e  
have o f t e n  found one whole y e a r  e l imina ted  from t h e  records  of  mean 
annual  d i scha rge  because two months of dry  season  record  were 
miss ing  f o r  which mean d i scha rge  was less than  20% of t h e  mean 
annual  d i scha rge .  
Another improvement may b e  brought  i n  t h e  f i e l d  by supplementary 
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gauging t o  g ive  some idea  of t h e  magnitude o f  t h e  r a t i n g  curve  f o r  
h igh  d i scha rge  o r  f o r  low f lows .  The l a s t  case is  t h e  more f r equen t  
because surveys  gene ra l ly  t a k e  p l ace  i n  t h e  d ry  season.  Even with-  
o u t  a gauging s t a t i o n  one may o b t a i n  an i n d i c a t i o n  of  t h e  va lue  of 
low f lows p a r t i c u l a r l y  f o r  ve ry  permeable b a s i n s  where t h e  low f low 
d i scha rge  does no t  va ry  too  much throughout  t h e  low f low pe r iod  and 
from one year  t o  another  y e a r .  A f i e l d  survey i s  necessary  i n  o r d e r  
t o  o b t a i n  a good knowledge of t h e  b a s i n ,  e s p e c i a l l y  f o r  small  bas ins ;  
even f o r  l a r g e  b a s i n s  t h e  h y d r o l o g i s t  should know e x a c t l y  t h e  n a t u r e  
of t h e  s o i l ,  v e g e t a l  cove r ,  s l o p e  and aspec t  of  t h e  r i v e r  beds 
be longing  t o  t h e  d i f f e r e n t  zones o f  t h e  b a s i n .  Not a l l  important  
in format ion  can  be  found from maps, even those  ob ta ined  by remote 
sens ing .  For i n s t a n c e ,  t h e  g r a s s  of t h e  savannah might o r  might n o t  
be a good p r o t e c t i o n  a g a i n s t  runoff  and e r o s i o n ;  i n  f o r e s t  a r e a s  on 
c l a y  s o i l s  some of  t h e  smal l  b a s i n s  wi th  t h e  same c l i m a t e ,  a r e a  and 
s lope  index may have 10 year  f l o o d  peaks of 500 o r  of 3200 1 s-l km2. 
The l a s t  ca se  does n o t  o f t en  occur  bu t  i s  p o s s i b l e  whenever t h e r e  i s  
a compact l a y e r  30 cm t o  1 m under  t h e  s o i l  s u r f a c e .  A quick survey  
of  r i v e r  beds or r i v u l e t s  might g ive  some idea  of t h e  runoff ;  b u t  i n  
f o r e s t s ,  with t h e  except ion  of  mountainous a r e a s ,  it i s  d i f f i c u l t  t o  
d e r i v e  t h e  annual  f lood  magnitude from t h e  i n s p e c t i o n  of r i v e r  beds  
f o r  sma l l  b a s i n s .  Th i s  i s  much more d i f f i c u l t  i n  such an a r e a  than  
i n  an a r i d  zone.  I t  i s  no t  p o s s i b l e  t o  p re sen t  h e r e  a l l  t h a t  cou ld  
be  observed i n  t h e  f i e l d  bu t  many i n d i c a t i o n s  might be  obta ined  by a 
s k i l l e d  f i e l d  hydro log i s t  and t h i s  might s i g n i f i c a n t l y '  supplement . t h e  
a v a i l a b l e  d a t a .  
HYDROLOGICAL PARAMETERS NEEDED FOR WATER MANAGEMENT 
The fo l lowing  parameters  a r e  gene ra l ly  used:  t h e  mean annual r u n o f f ;  
i t s  s t a t i s t i c a l  d i s t r i b u t i o n ;  sometimes a u t o c o r r e l a t i o n  c h a r a c t e r i s t i c s ,  
seasonal  v a r i a t i o n s ;  f lood  f o r  t h e  pe r iod  of c o n s t r u c t i o n ;  des ign  
f lood ;  p o s s i b i l i t i e s  of s i l t i n g  of t h e  r e s e r v o i r ;  water  q u a l i t y  
( d e l e t e r i o u s  e f f e c t s  on t u r b i n e s  or f o r  i r r i g a t i o n  water o r  water  
supp ly ) .  These parameters  and t h e  approach t o  t h e i r  e s t ima t ion  va ry  
broadly  wi th  t h e  n a t u r e  of t h e  p r o j e c t  , t h e  b a s i n  a r e a ,  t h e  a v a i l a b l e  
d a t a  and t h e  f i n a n c i a l  c o n s t r a i n t s  on t h e  s tudy .  In t h e  fo l lowing  w e  
s h a l l  c o n s i d e r  on ly  t h e  case  of bo th  small  b a s i n s  and l a r g e  b a s i n s ,  
t h e  former gene ra l ly  correspond t o  smal l  s t r u c t u r e s  , few da ta  and 
small  f i n a n c i a l  r e sources .  
e x i s t .  The hydro log i s t  must r e l y  h e a v i l y  on h i s  judgement and 
exper ience  and has  t o  deduce t h e  maximum from t h e  a v a i l a b l e  d a t a  and 
from h i s  knowledge of t he  r i v e r  and of t h e  b a s i n  c h a r a c t e r i s t i c s .  
For  hydro log ica l  computations no magic formulae o r  procedures  
COMPUTATION O F  ANNUAL RUNOFF FOR SMALL BASINS 
Here, commonly no d ischarge  d a t a  a r e  a v a i l a b l e ,  and t h e r e  i s  no r a i n -  
gauge i n  or nea r  t h e  bas in .  In  a homogeneous a r e a  it may be p o s s i b l e  
t o  f i n d  a ra ingauge  f o r  t h e  same p r e c i p i t a t i o n  regime. I f  n o t ,  t h e  
p r e c i p i t a t i o n  can  be  deduced from vege ta t ion  i n d i c e s  bu t  t h i s  i s  n o t  
easy  i n  t h e  humid t r o p i c s .  To choose t h e  s p e c i f i c  mean d i scha rge  of  
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a l a r g e r  r e fe rence  b a s i n  and t o  c o n s i d e r  only t h e  b a s i n  a rea  i s  
dangerous i f  t h e  annual  p r e c i p i t a t i o n  i s  l e s s  than 1400 mm on an 
impervious b a s i n  wi th  s t e e p  s l o p e s .  With these  excep t ions ,  it i s  
sometimes poss ib l e  t o  use  t h e  formula Qx = Qo (Ax/Ao) a s  a f i r s t  
approximation,  with Qo and Ao corresponding t o  t h e  r e fe rence  b a s i n  
(Basso,  1973) . 
va lue  of t h e  yea r ly  o r  monthly p r e c i p i t a t i o n  depths .  They s t a r t  from 
t h e  r a t i o  r u n o f f / p r e c i p i t a t i o n ,  R/D = runoff c o e f f i c i e n t  Kry o r  from 
t h e i r  d i f f e r e n c e ,  r a i n f a l l  minus runoff  = d e f i c i t .  Both vary wi th  
c l i m a t i c  and phys iographica l  c o n d i t i o n s .  The o l d  S t r a n g e ' s  t a b l e  
used i n  Ind ia  ( B a n e r j i  & L a l ,  1973) considered ( f o r  each given 
p r e c i p i t a t i o n  depth)  t h r e e  c a t e g o r i e s :  "good, average and bad bas in"  
wi th  t h r e e  d i f f e r e n t  runoff  c o e f f i c i e n t s .  In o t h e r  p a r t s  of t h e  
world o t h e r  r eg iona l  va lues  of K a r e  given.  For average c o n d i t i o n s  
of s l o p e ,  s o i l  and v e g e t a l  covertYSmith (1973) gave a curve  present ing 
v a r i a t i o n  of Kry w i th  t h e  b a s i n  c l i m a t i c  index (BCI) combining 
monthly p r e c i p i t a t i o n  and t empera tu res ,  but  un fo r tuna te ly  t h e  
in f luence  of t h e  o t h e r  f a c t o r s  was neg lec t ed  and important  e r r o r s  may 
r e s u l t  from t h i s .  
Other formulae most ly  use  t h e  runoff  annual d e f i c i t  Dy which i s  
r e l a t i v e l y  s t a b l e  i n  t h e  humid t r o p i c a l  zone. I t  v a r i e s  between 
700-800 and 1500 mm. In A f r i c a ,  a t  a lower a l t i t u d e ,  it inc reases  
from 1000 mm year- '  f o r  Py = 1100 mm t o  1150-1250 mm f o r  P 
1600 mm.  A t  t h i s  s t a g e  it i s  p r a c t i c a l l y  cons tan t  a s  p r e c i p i t a t i o n  
inc reases  from 1500 up t o  2200 mm.  But i n  South America wi th  
p r e c i p i t a t i o n  between 2400 and 3700 mm i n  t h e  f o r e s t ,  i t  reaches  
1500 mm (Roche, 1982) .  The runoff  d e f i c i t  decreases  wi th  a l t i t u d e :  
a t  1000 m ,  f o r  i n s t a n c e ,  i n  Cen t ra l  A f r i c a ,  Dy i s  900-1000 mm i n s t e a d  
of 1100-1200 mm (P  = 1500 m m ) .  A l l  t h e s e  v a r i a t i o n s  are s i m i l a r  t o  
those  app l i ed  f o r  computing K r y  by Smith (1973) .  But i f  t h e  s l o p e  or  
t h e  permeabi l i ty  g r e a t l y  v a r i e s  from t h e  average c o n d i t i o n s ,  Dy i s  
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  va lues  computed with c l i m a t i c  
parameters  on ly .  S teep  s lopes  o r  impervious s o i l s  may correspond t o  
a runoff  d e f i c i t  of 900 mm o r  even less ins t ead  of 1150 mm. Th i s  
a l s o  a p p l i e s  t o  mountains a f f e c t e d  by cyc lonic  p r e c i p i t a t i o n ;  very  
few accura t e  d a t a  a r e  a v a i l a b l e  f o r  t h i s  l a s t  c a s e .  A s  r ega rds  very 
smal l  b a s i n s ,  h igh  pe rmeab i l i t y  i n c r e a s e s  the  l o s s e s  and consequent ly  
Some formulae may be used which t a k e  i n t o  account an approximate 
Y 7 1500- 
Y 
I t  i s  o f t e n  p o s s i b l e  t o  o b t a i n  a f i r s t  approximation of Ry by t h e  
DY * 
simple formula Ry = P 
medium bas in  under t h e  same c o n d i t i o n s .  Rule of thumb c o r r e c t i o n s  
a r e  made by t a k i n g  i n t o  account t h e  a l t i t u d e ,  s lope  and pe rmeab i l i t y  
of t h e  s o i l .  The Khosla formula (1949) used i n  India  g i v e s  t h e  
monthly r u n o f f :  F$,, = Pm - Dm wi th  Dm = 5Tm (Tm = monthly t empera tu re ) .  
The annual  runoff  is  Ry = Py - k (45 .Ty + 800) where Ty is t h e  annual  
average tempera ture ,  and k i s  a c o n s t a n t  corresponding t o  t h e  physio- 
g raph ica l  f a c t o r s  of Dy .  Some maps of Dy e x i s t ,  f o r  i n s t a n c e  for 
C e n t r a l  America (Basso,  1973) .  The main d i f f i c u l t y  i s  o b t a i n i n g  a 
good e s t ima t ion  of Py: f o r  i n s t ance  i n  mountains with s i g n i f i c a n t  
v a r i a t i o n s  of Py ( i f  Ry exceeds 2000 m m ) .  
More e l a b o r a t e  formulae may b e  used  f o r  very smal l  b a s i n s :  Dubreuil 
& Vuillaume (1975) ,  u s ing  d a t a  from 65  r e p r e s e n t a t i v e  b a s i n s  i n  Af r i ca  
and i n  French Guyana, e s t a b l i s h e d  two formulae t ak ing  i n t o  account 
- D y ,  Dg be ing  t h e  mean va lue  f o r  a s m a l l  or  Y 
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most of t h e  s i g n i f i c a n t  runoff  f a c t o r s .  They cons idered  t h e  index P,: 
where Pm i s  monthly p r e c i p i t a t i o n ,  and ETB is  t h e  annual  evapora t ion  
from a sunken pan of 1 m 2 .  For savannah wi th  trees Ry i s  def ined  a s  
fol lows:  
with A t h e  a r e a  of t h e  bas in ;  Ig  i s  g loba l  index of s l o p e  (Dubreui l ,  
1966);  C i s  percentage  of c u l t i v a t e d  land;  a = 1 . 7 8 ,  b = 50 f o r  
r e l a t i v e l y  s p a r s e  vege ta t ion ;  a = 1 - 2 0 ,  b = 1 .75  f o r  dense bush or 
very permeable s o i l ;  B = +175,  -1-50, -70 r e s p e c t i v e l y  f o r  A < 5 km2, 
5 km2 < A < 25 km2, A > 25 km2. 
Ds - 960. I n  Eas t  Af r i ca  Balek (1973) p r e s e n t e d - c h a r a c t e r i s t i c  curves  
f o r  t h e  e s t ima t ion  of  Ry f o r  1000 < Py < 1700 mm and f o r  f o u r  genera l  
cases  cor responding  t o  v a r i o u s  s l o p e s ,  a l t i t u d e s ,  and v e g e t a l  cove r s .  
R y  = 0.47Pr + 1.5C + (aDs + b )  + B ,  where Ds i s  Ig x a, 
For f o r e s t  a r e a s  R = 1.05Pr + 0 .92  
Y 
SEASONAL DISTRIBUTION OF RUNOFF FOR SMALL BASINS 
The seasona l  d i s t r i b u t i o n  of runoff  f o r  small  b a s i n s  i s  gene ra l ly  
deduced e m p i r i c a l l y  from t h e  mean annual d i scharge  and from t h e  
v a r i a t i o n s  o f  monthly p r e c i p i t a t i o n  wi th  t h e  he lp  of a t  l e a s t  one 
annual hydrograph of a s i m i l a r  r i v e r  having a b a s i n  a r e a  of t h e  same 
magnitude. I f  such a b a s i n  i s  not  a v a i l a b l e  t h e  use  of d a t a  from 
compilat ion of  r e p r e s e n t a t i v e  bas ins  r e s u l t s  such a s  those  of Dubreuil 
(1972) may g ive  an idea  o f  how t o  t ransform a p l o t  of t h e  mean monthly 
p r e c i p i t a t i o n  i n t o  a p l o t  of mean monthly d i scha rges .  
STATISTICAL DISTRIBUTION OF MEAN ANNUAL RUNOFF 
This is  less f r e q u e n t l y  used than f o r  l a r g e r  b a s i n s ,  which p resen t  
lower c o e f f i c i e n t s  o f  v a r i a t i o n .  Never the less  i t  i s  sometimes use- 
f u l  t o  know t h e  10 year  low (annual)  f low.  I f  a r e p r e s e n t a t i v e  bas in  
f o r  t h e  same regime was observed ,  a good r a i n f a l l / r u n o f f  model permits 
a long t ime series of annual  d i scha rges  t o  b e  der ived  from r a i n f a l l  
s e r i e s , f r o m  which t h e i r  d i s t r i b u t i o n  can be s t u d i e d .  However, t h i s  
s i t u a t i o n  does n o t  o f t e n  occur .  
There are many formulae f o r  e s t ima t ing  mean annual runoff  bu t  i t  
would be unwise t o  use  them f o r  t h e  es tab l i shment  of a series o f  
annual runoff  s i n c e  t h e  c o e f f i c i e n t  of v a r i a t i o n  would be  completely 
wrong. Only t h e  Khosla formula can be used on a monthly b a s i s .  Th i s  
t akes  i n t o  account  t h e  a l t i t u d e ,  bu t  n e i t h e r  t h e  s l o p e  nor  t h e  n a t u r e  
of t h e  s o i l  a r e  cons ide red .  It  c e r t a i n l y  underes t imates  t h e  v a r i a t i o n .  
regimes,  no runoff  may occur  dur ing  a y e a r  of a drought i f  t h e  mean 
annual p r e c i p i t a t i o n  i s  near  1100 mm. In  1958 t h i s  was t h e  case  f o r  
drought wi th  a r e t u r n  pe r iod  10-20 yea r s  i n  t h e  two r e p r e s e n t a t i v e  
bas ins  of Lhoto (Benin) and Ifou ( Ivory  Coast)  (Rodier ,  1964) .  In  a 
normal y e a r  t h e  mean annual  d i scharges  a r e  2 . 5  and O. 3 1 s-’ kmW2 ; 
t h e  c o e f f i c i e n t s  of  v a r i a t i o n  are perhaps 0.80 and 0.40.  For b a s i n s  
with a h i g h e r  p r e c i p i t a t i o n  of 1400-1700 mm year-’ t h e  s i t u a t i o n  is  
much b e t t e r ,  bu t  even i n  l a r g e  homogeneous b a s i n s  wi th  a c o e f f i c i e n t  
of  v a r i a t i o n  of 0.16 f o r  R y  it is  p o s s i b l e  t o  f i n d  smal l  b a s i n s  wi th  
For some smal l  b a s i n s  i n  e q u a t o r i a l  or t r o p i c a l  a r e a s  of t r a n s i t i o n  
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va lues  o f  0 .25 f o r  t h e  same c o e f f i c i e n t .  I t  i s  not  easy  t o  e s t ima te  
t h i s  c o e f f i c i e n t  s t a r t i n g  from l a rge  b a s i n s  and t h i s  a l s o  a p p l i e s  t o  
v a r i a t i o n  c o e f f i c i e n t  deduced from p r e c i p i t a t i o n  s e r i e s  because the  
d i scha rges  a r e  o f t e n  more i r r e g u l a r  than  r a i n f a l l .  
I 
FLOODS FOR SMALL BASINS 
Often f o r  small  s t r u c t u r e s  (small  we i r s ,  ve ry  smal l  b r i d g e s ) ,  t h e  
f lood  of i n t e r e s t  is  t h e  10 years  f l o o d .  I n  t h i s  c a s e  t h e  correspond- 
ing  r a i n f a l l  produces s u r f a c e  runoff and t h e  u n i t  hydrograph may be 
used.  General  s t u d i e s  made on t h i s  b a s i s  f o r  West and C e n t r a l  Afr ica  
(Rodier & Auvray, 1965) provide  guidance f o r  t h e  computation of t he  
peak and t h e  volume of t h e  10-year f lood  s t a r t i n g  with t h e  10-year 
p r e c i p i t a t i o n  and u s i n g  an i n t e n s i t y  diagram and t h e  an tecedent  s o i l  
moisture  cond i t ions  corresponding t o  t h e  average f o r  heavy s torms.  
The runoff  c o e f f i c i e n t  Kr  i s  given by a set of curves  of K r  vs. A 
( a r e a  of t h e  bas in )  f o r  v a r i o u s  c a t e g o r i e s  of pe rmeab i l i t y  P e l  t o  
Peg and s l o p e  S1 t o  S5. The 10-year po in t  p r e c i p i t a t i o n  i s  reduced 
t o  t h e  10-year a r e a l  p r e c i p i t a t i o n  by a r educ t ion  c o e f f i c i e n t  kp 
vary ing  from 1 t o  0.80 f o r  a r e a s  varying from O t o  200 km2. 
diagram g ives  t h e  base  t i m e  of su r f ace  runoff  TB i n  r e l a t i o n  t o  A and 
S. It i s  easy t o  compute t h e  f lood volume knowing P l 0  y e a r ,  k and 
K,. The c o e f f i c i e n t  k va ry ing  with t h e  v e g e t a l  cove r ,  t h e  b a s i n  
a rea  and t o  some e x t e n t  w i th  the  s l o p e ,  d e f i n e s  t h e  r a t i o  between t h e  
10-year peak d i scha rge  QP and QM (mean f lood  d ischarge  du r ing  T B ) ,  
k = QP/QM which i s  nea r  2 . 5  f o r  savanna. 
For f o r e s t e d  a r e a s ,  a more recent  s tudy (Rodier ,  1976) c l a s s i f i e d  
f o r e s t e d  b a s i n s  i n  s ix  c a t e g o r i e s  determined by s l o p e  and permeabi l i ty ,  
t h e  runoff  c o e f f i c i e n t  K r  be ing  computed f o r  a p r e c i p i t a t i o n  of 1 2 0  mm 
which is  no t  f a r  from t h e  10-year p r e c i p i t a t i o n .  
58-62%. The h i g h e s t  v a l u e s  (very impermeable s o i l s  and s i g n i f i c a n t  
s lopes )  are less f r e q u e n t .  The de termina t ion  of t h e  ca t egory  of an 
ungauged b a s i n  i s  o f t e n  d e l i c a t e .  By t h e  u s e  of small s p r i n k l e r s  
( range:  1 m 2 )  such as t h o s e  used by ORSTOM followed by a quick 
pedologica l  survey it i s  p o s s i b l e  t o  f i n d  t h e  c l a s s i f i c a t i o n  range of 
t h e  bas in  and even t o  determine K r  f o r  120 mm.  
c o r r e l a t e d  with t h e  runoff  from va r ious  t y p e s  of s o i l s  computed from 
t h e  s p r i n k l e r  experiments .  K r  may a l s o  be  determined by s tudying  t h e  
s t r u c t u r e  and t e x t u r e  of t h e  s o i l  bu t  t h i s  i s  not  o p e r a t i o n a l  a t  t h e  
p re sen t  t ime (Casenave et al., 1983).  The base  t i m e  i s  taken  from 
graphs and t h e  c o e f f i c i e n t  k = QP/QM v a r i e s  between 1 . 9  and 2 .3  on 
p l a i n s  f o r  A vary ing  petween 1 and 25 km2 and between 2 and 2 .4  in  
mountain r eg ions .  Some hydro log i s t s  u se  a t r i a n g u l a r  hydrograph 
cor responding  e x a c t l y  t o  a K value of 2 .  Th i s  procedure is v a l i d  
f o r  West and C e n t r a l  Af r i ca  and it could b e  used with c a r e  e lsewhere.  
The important  p o i n t s  a r e  t h e  n e c e s s i t y  f o r  d a t a  on t h e  10-year 
p r e c i p i t a t i o n  and f o r  t h e  i n t e n s i t y  diagram t o  be comparable from one 
a r e a  t o  ano the r .  
maximum d i scha rge  of f requency F; P i  is p r e c i p i t a t i o n  mean i n t e n s i t y  
dur ing  t h e  concen t r a t ion  t ime f o r  a storm of frequency F; A i s  bas in  
a r e a  and Kr is runoff  c o e f f i c i e n t .  This  formula may be improved by 
A 
P 
The K r  va lues  
d i f f e r e n t i a t e  i n t o  s i x  ranges :  3-5%, 7-10%, 10-16%, 20-30%, 30-4070, 
This  c o e f f i c i e n t  is  
Sometimes t h e  formula Q = Kr(Pi) A i s  used  where Q is f l o o d  
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t a k i n g  i n t o  account t h e  s lope  S ,  Q = Kr  P i  A (S/A)”’ (Mac Math 
formula) .  This  formula has  o f t e n  been improved bu t  t h e  problems of  
de te rmining  Kr  i n  r e l a t i o n  t o  t h e  s o i l  permeabi l i ty  remains a s  
d i f f i c u l t  a s  i s  desc r ibed  i n  t h e  methodology above. 
COMPUTATION OF ANNUAL RUNOFF FOR BASINS OF LARGE OR MODERATE SIZE 
For bas ins  of t h i s  ca tegory  t h e r e  is some compensation between sub- 
b a s i n s  with vary ing  phys iographica l  c h a r a c t e r i s t i c s  and , t h e r e f o r e ,  
t h e  formulae based on t h e  runoff  c o e f f i c i e n t  o r  t h e  runoff  d e f i c i t  
(such a s  t h e  Khosla formula d e s c r i b i n g  small  bas ins )  sometimes g ive  
b e t t e r  r e s u l t s  f o r  l a r g e  b a s i n s  than  f o r  smal l  bas ins .  I f  
s u f f i c i e n t  d a t a  on p r e c i p i t a t i o n  and runoff  f a c t o r s  a r e  a v a i l a b l e ,  
computer ised d a t a  banks and r e g r e s s i o n  ana lyses  may a f f o r d  a f i r s t  
e s t ima t ion  of p r e c i p i t a t i o n  and runoff  (Basso et al., 1979) .  
For t h i s  case  it is p o s s i b l e  t o  use  a more e l a b o r a t e  method. With 
t h e  development of hydrometric networks t h e r e  i s  o f t e n  a gauging 
s t a t i o n  and., t h e r e f o r e ,  a t  l e a s t  one s h o r t  record  of recharge  n o t  f a r  
from t h e  s t a t i o n  t o  be  s t u d i e d .  The f i r s t  s t e p  is  t o  determine i t s  
hydro log ica l  regime , us ing  p r e c i p i t a t i o n ,  b a s i n  c h a r a c t e r i s t i c s  , 
l a t i t u d e ,  a l t i t u d e ,  t h e  few hydro log ica l  d a t a  a v a i l a b l e  e t c .  i n  o r d e r  
t o  choose a r e fe rence  gauging s t a t i o n .  The hydro logis t  must c o n s t r u c t  
t i m e  s e r i e s  of d i scha rges  a s  long a s  poss ib l e  f o r  t h e  b a s i n  s t u d i e d  
by c o r r e l a t i n g  t h e  d i scha rges  (observed f o r  a s h o r t  pe r iod  a t  t h e  
s i t e  o r  near  t h e  s i t e  t o  be s t u d i e d )  wi th  t h e  d ischarges  a t  t h e  
r e fe rence  s t a t i o n .  Th i s  l a s t  s t a t i o n  may be s i t u a t e d  on a neighbour- 
i n g  r i v e r  o r  on t h e  same r i v e r ;  i n  t h e  l a t t e r  c a s e  t h e  c o r r e l a t i o n  i s  
b e t t e r .  The c o r r e l a t i o n  wi th  annual p r e c i p i t a t i o n  depth o r  w i th  
annual  p r e c i p i t a t i o n  f o r  t h e  r a i n y  season may a l s o  g ive  good r e s u l t s  
p a r t i c u l a r l y  f o r  an annual p r e c i p i t a t i o n  exceeding 1600 mm. For less 
than  1600 mm i t  i s  necessary  t o  u s e  t h e  d a t a  of f o u r  o r  f i v e  r a i n -  
gauges i n  t h e  b a s i n  and t h i s  is no t  always poss ib l e .  Mul t ip le  
r e g r e s s i o n s  a t  t h e  monthly l e v e l  should be used.  For t h e  c o r r e l a t i o n  
w i t h  d i scha rge ,  i f  t h e  observa t ion  pe r iod  a t  t h e  s t a t i o n  t o  be s tud ied  
i s  very  s h o r t ,  i . e .  less than  t h r e e  o r  fou r  y e a r s ,  it i s  adv i sab le  
t o  s tudy a l s o  t h e  c o r r e l a t i o n  between t h e  monthly va lues  keeping i n  
mind t h e  f a c t  t h a t  t h e  r eg res s ion  can be d i f f e r e n t  du r ing  h igh  ’and 
low f lows.  The improvement cannot be  r e l a t e d  t o  t h e  m u l t i p l i c a t i o n  
of p l o t t e d  p o i n t s  by t h e  f a c t o r  of 12  b u t ,  n e v e r t h e l e s s ,  i s  s i g n i f -  
i c a n t .  I f  t h e  c o e f f i c i e n t  of  c o r r e l a t i o n  i s  high and t h e  l eng th  of 
r econs t ruc t ed  records  i s  l e s s  than 30-40 y e a r s ,  another  c o r r e l a t i o n  
w i t h  a s t a t i o n  having a longe r  r eco rd  is  necessary  even i f  t h i s  new 
c o r r e l a t i o n  is r e l a t i v e l y  poor .  I n  humid t r o p i c a l  b a s i n s  series 
o f  d ry  and wet y e a r s  a r e  not  n e c e s s a r i l y  of t h e  same l e n g t h .  They 
a r e  c a l l e d  pseudo-cycles .and t h i s  may induce important sampling 
e r r o r s .  In  o rde r  t o  reduce  t h e s e  e r r o r s ,  it i s  necessary  t h a t  t h e  
r eco rd  length  of t h e  second r e f e r e n c e  s t a t i o n  inc ludes  a t  l e a s t  
p a r t  of a dry pe r iod  and p a r t  of a w e t  pe r iod .  This  improves t h e  
v a l u e  of mean annual runoff  and informat ion  on very l o w  and very 
h igh  va lues  of t h i s  r u n o f f .  F o r t u n a t e l y ,  t h e  c o r r e l a t i o n s  a r e  
b e t t e r  for very wet and very d ry  y e a r s .  A s  r ega rds  l a r g e  bas ins  it 
is  a l s o  o f t e n  p o s s i b l e  t o  use t h e  c o r r e l a t i o n  with maximum annual  
d i scharge  in s t ead  of  t h e  mean annual  d i scha rge .  
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I f  no cyc lones  occur  and i f  t h e  mean annual  p r e c i p i t a t i o n  exceeds  
1400 mm i t  is g e n e r a l l y  p o s s i b l e  t o  o b t a i n  an  accep tab le  e s t i m a t i o n  
of t h e  mean annual  d i scharge  from 10 y e a r s  of obse rva t ions ,  but  due 
t o  t h e  pseudo-cycles ,  a sampling e r r o r  of  5-10% i s  poss ib l e .  
DISTRII3LTION OF ANNUAL DISCHARGE 
In  t h e  c a s e  d e f i n e d  above t h e  d i s t r i b u t i o n  of  t h e  mean annual d i s -  
charge  i s  o f t e n  normal o r  very c l o s e  t o  normal .  When f i t t i n g  t h e  
d i s t r i b u t i o n  it  is  no t  s u f f i c i e n t  t o  accept  t h e  normal d i s t r i b u t i o n  
a s  g iven  by t h e  computer; i t  i s  necessa ry  then  t o  check t h e  p l o t s  on 
t h e  cu rve  i n  o r d e r  t o  avoid sys t ema t i c  b i a s .  I f  t h e  record i s  no t  
long  enough c o r r e c t i o n s  should b e  made i n  o r d e r  t o  t ake  t h e  f l u c t u a t -  
ions  r e s u l t i n g  from t h e  pseudo-cycles i n t o  account .  In such a c a s e  
t h e  c o e f f i c i e n t  o f . v a r i a t i o n  is  o f t e n  of t h e  o r d e r  of  0.16-0.25. For 
ve ry  l a r g e  b a s i n s  t h e  l ack  of homogeneity may involve  complex 
d i s t r i b u t i o n  cu rves  ( see  t h e  c a s e  of t h e  Z a ï r e  River  in  t h e  fo l lowing  
s e c t i o n ) .  
For t h e  c a s e  of Py < 1400 mm t h e  d i s t r i b u t i o n  i s  more i r r e g u l a r ,  
t h e  c o e f f i c i e n t  of v a r i a t i o n  h i g h e r  and i f  o n l y  10 years  of r eco rds  
a r e  a v a i l a b l e  t h e  mean e r r o r  may be 30% o r  more. The s i t u a t i o n  i s  
no t  q u i t e  so d i f f i c u l t  bu t  very s i m i l a r  f o r  a r e a s  a f f e c t e d  by cyclones 
I n  both  c a s e s  long  t i m e  s e r i e s  a r e  necessary  t o  o b t a i n  a f i r s t  
approximation of t h e  s t a t i s t i c a l  d i s t r i b u t i o n  which i s  no longer  
normal .  
FLOODS IN LARGE BASINS 
Here t h e  d i s t i n c t i o n  between a r e a s  wi th  and wi thout  cyclones i s  
extremely impor t an t .  A s  regards  t h e  f i r s t  c a s e ,  i n  l a r g e  b a s i n s  a 
f l o o d  of very low frequency r e s u l t s  from an excep t iona l  cyc lonic  
r a i n f a l l  o r  an excep t iona l  series of such r a i n f a l l s .  In t h e  second 
c a s e  a f l o o d  of t h e  same frequency r e s u l t s  from a very w e t  r a i n y  
season o r  from an except iona l  ser ies  of convec t ive  s torms.  
The second c a s e  i s  r e l a t i v e l y  s imple when Py exceeds 1400 m m .  
d i s t r i f i u t i o n  i s  n o t  f a r  from t h e  normal d i s t r i b u t i o n  o f t en  wi th  low 
c o e f f i c i e n t  o f  v a r i a t i o n ;  sometimes t h e  skewness c o e f f i c i e n t  is  
n e g a t i v e  ( t h e  in f luence  of f lood  p l a i n s ) .  Much o f  what has  been 
w r i t t e n  concern ing  t h e  mean annual  runoff  i s  v a l i d  inc luding  t h e  
p o s s i b i l i t y  of  g e t t i n g  an idea  o f  t h e  f lood  d i s t r i b u t i o n  with a 10- 
yea r  r eco rd  and t h e  necess i ty  of  t a k i n g  account  of  t h e  pseudo-cycles .  
For very l a r g e  b a s i n s  such a s  t h a t  of t h e  Z a ï r e  River  some p a r t s  o f  
t h e  b a s i n  wi th  ve ry  low runoff  g e n e r a l l y  have no inf luence  on t h e  
yea r ly  maximum bu t  when t h e  excep t iona l  f l o o d  occurred  i n  an a r e a  of 
d e f i c i t  a s  happened i n  1961, t h e  r e p r e s e n t a t i v e  p l o t  was r e l a t i v e l y  
f a r  above t h e  d i s t r i b u t i o n  cu rve ,  with nega t ive  skewness c o e f f i c i e n t  
e s t a b l i s h e d  be fo re  1961. The s i t u a t i o n  f o r  t h e  1953 f lood  on t h e  
Amazon R ive r  was s i m i l a r .  The d i s t r i b u t i o n  was very  complex. 
With t h e s e  r e s e r v a t i o n s ,  t h i s  p a r t  of t h e  t r o p i c a l  reg ion  is  a 
r a r e  example where t h e  design f l o o d  can b e  s a f e l y  es t imated  by 
s t a t i s t i c a l  ana lyses  of long t i m e  series of d i scha rges  obta ined  by 
r e g r e s s i o n .  
The 
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We have l e f t  a s i d e  the  problems of some of t h e  r i v e r s  i n  t h e  
Himalayas and Andes where t h e  c o n s t r u c t i o n  fol lowed by t h e  des t ruc t ion  
of n a t u r a l  dams i s  r e spons ib l e  f o r  c a t a s t r o p h i c a l  f l o o d s .  
I f  no d i scha rge  d a t a  a r e  a v a i l a b l e  many empi r i ca l  formulae can b e  
app l i ed  f o r  t h e  c a l c u l a t i o n  o f  a d i scha rge  of f requency F. Most have 
t h e  form: QF = k A n ,  k and n be ing  c o e f f i c i e n t s  which must be  de t e r -  
mined f o r  each homogeneous a r e a ;  o f t e n  i n  t h e  humid t r o p i c a l  zone 
0 . 7  < n < 0.9  ( f o r e s t  with low s l o p e s ) ,  bu t  k v a r i e s  cons ide rab ly ,  
For 5000 km2 i n  Cen t ra l  Af r i ca  f o r  i n s t a n c e  Qlo v a r i e s  between 100 
and 1250 m 3 s - l .  
These empi r i ca l  formulae a r e  only  v a l i d  f o r  a given hydro log ica l  
homogeneous a r e a  and t h e i r  v a l i d i t y  must be  checked be fo re  u s e .  
There ,  r a ins to rms  genera te  t h e  most heavy f l o o d s  i n  t h e  world. The 
maximum observed a t  t h i s  t i m e  i s  31 .53  m3s-’km-’ f o r  a bas in  of  330 
km2 i n  N e w  Caledonia .  
Consequent ly ,  t h e  long t i m e  series of  maxima d i r e c t l y  observed o r  
ob ta ined  by c o r r e l a t i o n  i s  a sample which can b e  d iv ided  i n t o  two 
s t a t i s t i c a l  popula t ions :  one wi th  numerous v a l u e s  of a r e l a t i v e l y  
moderate d i s c h a r g e ,  t h e  o t h e r  w i th  a few v a l u e s  having high c o e f f i c -  
i e n t s  of  v a r i a t i o n  and skewness. Unfo r tuna te ly ,  t h e  number of  p l o t s  
i s  n o t  s u f f i c i e n t  f o r  s tudying  t h e  d i s t r i b u t i o n  by a d i r e c t  a n a l y s i s  
of d i s c h a r g e s .  I f  f o r  some reason a h y d r o l o g i s t  wants a t i m e  series 
of f loods  he may use  c o r r e l a t i o n s  wi th  r a i n f a l l  o r  with d ischarges  
but  h e  must b e  very  c a r e f u l  because t h e  t r a c k s  of t h e  cyc lones  va ry  
and t h e  zones a f f e c t e d  a r e  no t  a lways t h e  same. This  ope ra t ion  i s  
on ly  sound f o r  e x t r a p o l a t i n g  t h e  d a t a  from one gauging s t a t i o n  t o  
ano the r  no t  t o o  f a r  away on t h e  same r i v e r .  
A l l  a t t empt s  t o  determine t h e  des ign  f l o o d  by d i r e c t  s t a t i s t i c a l  
a n a l y s i s  a r e  r i s k y .  Three approaches a r e  p o s s i b l e :  t h e  world o r  t h e  
r e g i o n a l  envelope curves  do no t  provide  a methodology f o r  computat ion.  
They provide  a gene ra l  idea  o f  a l l  maximum observed f loods  s o  a s  t o  
be  a b l e  t o  t a k e  t h e  d i f f e r e n c e s  o f  b a s i n  a r e a  i n t o  account .  In  a r e a s  
be ing  observed ( a t  l e a s t  q u a l i t a t i v e l y )  f o r  two c e n t u r i e s  o r  more 
t h e  gene ra l  envelope curve d id  n o t  s i g n i f i c a n t l y  move upwards between 
1961 and 1981 ( l a s t  genera l  world review f o r  t h e  IAHS C a t a l o g u e  of 
L a r g e  Floods) bu t  f o r  a r e a s  observed f o r  less than  60 yea r s  t h e  
envelope cu rve  i s  not  t h e  same a s  t h a t  20 yea r s  ago. Unfor tuna te ly  
many t r o p i c a l  a r e a s  a f f e c t e d  by cyc lones  come i n  t h i s  ca tegory  and 
he re  t h e  envelope curve  r e p r e s e n t s  an average r e t u r n  per iod  n o t  
exceeding  50-100 yea r s .  Francou & Rodier (1967) def ined  s t r a i g h t  
l i n e s  c h a r a c t e r i z e d  by a f a c t o r  K ( K  = 6 approximately cor responding  
t o  t h e  maximum v a l u e s ) .  Since K may c h a r a c t e r i z e  t h e  more dangerous 
r i v e r  o f  a homogeneous a r e a ,  i t  i s  an i n t e r e s t i n g  element t o  be  
cons idered  f o r  r e g i o n a l i z a t i o n  purposes .  For t h e  very  low frequency 
p a r t  o f  t h e  d i s t r i b u t i o n  curve  t h e  hydro log i s t  must choose a v a l u e  
f o r  t h e  design f lood  whose K v a l u e  s i g n i f i c a n t l y  exceeds t h e  r e g i o n a l  
K v a l u e  of t h e  envelope curve .  But what is  a reasonable  va lue  f o r  
t h e  d i f f e r e n c e  between t h e  two K ’ s ?  
Due t o  t h e  l ack  of meteoro logica l  d a t a  it i s  very  d i f f i c u l t  t o  
adapt  t h e  probable  maximum p r e c i p i t a t i o n  method t o  t h e  convent iona l  
procedure .  Her sh f i e ld  (1965, 1981) presented  a s imple formula t o  
compute PMP: 
a t i o n ,  and S i s  s tandard  e r r o r  of  Pmax. 
Some formulae g i v e  t h e  r a t i o  between QF and Q l 0 .  
For a r e a s  a f f e c t e d  by cyc lones  t h e  problem i s  completely d i f f e r e n t .  
F o r t u n a t e l y ,  t h e s e  cyc lones  a r e  not  f r e q u e n t .  
PMP = Pmax + kS ,  where Pmax i s  d a i l y  maximum p r e c i p i t -  
k i s  determined by r e g i o n a l  
i l  
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s t u d i e s  of p r e c i p i t a t i o n  r e c o r d s .  The PMP method o f t e n  ove res t ima tes  
p r e c i p i t a t i o n  va lues .  Afterwards one must t ransform t h i s  PMP i n t o  
corresponding f lood  va lues ;  t h e  runoff  c o e f f i c i e n t  shou ld  be  ve ry  
h i g h ,  i . e .  90% f o r  ve ry  smal l  b a s i n s .  
The Gradex method ( G u i l l o t ,  1979) g ives  some guidance f o r  t h e  
e x t r a p o l a t i o n  of  f requency curves  of  d i scharges  f o r  t h a t  which a r e  
t o o  s h o r t .  To use  it c o r r e c t l y  t h r e e  e s s e n t i a l  c o n d i t i o n s  must be 
cons idered:  ( a )  t h e  d a i l y  r a i n f a l l  f requency p r e s e n t s  an exponent ia l  
decrease  exp(-p/a) cor responding  t o  a s t r a i g h t  l i n e  o f  s lope  a (a  
is  t h e  Gradex) on Gumbel pape r ;  (b) t h e  upper l a y e r s  o f  s o i l  a r e  
s a t u r a t e d  a t  a very low frequency of  d i scharges ;  ( c )  t h e  b a s i n  i s  
not  t o o  l a r g e  ( l e s s  t han  10 O 0 0  km’). 
r e t u r n  per iods  exceeding 50 y e a r s ,  t h e  d i s t r i b u t i o n  c u r v e  of runoff  
i n  mm on Gumbel paper  i s  p a r a l l e l  t o  t h e  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n  
wi th  a du ra t ion  equa l  t o  t h e  t i m e  b a s e  of  t he  hydrograph. For a r e a s  
a f f e c t e d  by cyc lones  t h e  second c o n d i t i o n  i s  o f t e n  s a t i s f i e d  and 
t h e  Gradex method might be  ve ry  u s e f u l  f o r  bas ins  of moderate s i z e .  
t h e  means of t h e  p r e c i p i t a t i o n  f o r  a l l  t h e  raingauges used  i n  t h e  
s tudy  and t o  e s t i m a t e  i t s  Gradex. Given the  two popu la t ions  of  
r a i n f a l l s  , t h e  cyc lon ic  p r e c i p i t a t i o n  should be  cons idered  s e p a r a t e l y  
and a l l  cyc lonic  p r e c i p i t a t i o n  should  b e  taken i n t o  c o n s i d e r a t i o n  
even i f  t h e r e  a r e  s e v e r a l  such r a i n f a l l  events  dur ing  t h e  same yea r .  
Once t h e  runoff volume is e s t ima ted  o n l y  t h a t  shape of  t h e  hydrograph 
must be  chosen which i s  s i m i l a r  t o  t h e  most f requent  o r  t h e  most 
dangerous shape ,  t a k i n g  t h e  c h a r a c t e r i s t i c s  of t h e  b a s i n  i n t o  account .  
Under such c o n d i t i o n s ,  f o r  
The b e s t  way t o  compute Gradex i s  t o  cons ider  t h e  d i s t r i b u t i o n  o f  
MINIMUM FLOWS 
Minimum flows a r e  o f t e n  s i g n i f i c a n t  b u t  sometimes smal l  s t reams may 
d ry  up i n  a r e a s  of low p r e c i p i t a t i o n .  I t  i s  ve ry  d i f f i c u l t  t o  ex t r ap -  
o l a t e  minimum annual  f lows i n  both  space  and t i m e ,  due t o  t h e  h e t e r -  
ogene i ty  of geo log ica l  c o n d i t i o n s ,  and because only on a few r i v e r s  
is  it p o s s i b l e  t o  observe  s e v e r a l  success ive  r e c e s s i o n  cu rves .  Never- 
t h e l e s s ,  r e l a t i v e l y  s i m i l a r  s p e c i f i c  low flow d i scha rges  can be 
observed f o r  r i v e r s  i n  homogeneous a r e a s .  The s tudy  o f  low f lows 
must always be based on a sound knowledge of t h e  geo log ica l  c o n d i t i o n s .  
Gaps i n  low flow d a t a  can be f i l l e d  by de r iv ing  t h e  mis s ing  d a t a  from 
informat ion  on p r e c i p i t a t i o n  and r e c e s s i o n  curves;, however, i n  humid 
a r e a s  small f l o o d s  o f t e n  p e r t u r b  t h e  r eces s ion .  
t h e  fo l lowing  method: t h e  beginning  of t h e  r eces s ion  i s  given an 
a r b i t r a r y  f ixed  d a t e  ( f o r  e a s t  Madagascar t h i s  is  t aken  a s  1 J u l y ) ;  
t h e  d ischarge  on t h i s  d a t e  is  c o r r e l a t e d  with t h e  p r e c i p i t a t i o n  of  
t h e  preceding months of t h e  r a i n y  season ;  t h e  t h e o r e t i c a l  r e c e s s i o n  
curve  is  drawn and t h e  fo l lowing  d i scha rges  t ak ing  i n t o  account t h e  
secondary f loods  of each month a r e  computed by m u l t i p l e  r eg res s ion  
u s i n g  t h e  p r e c i p i t a t i o n  d a t a  of t h e  preceding months. 
Roche (1962) used 
CONCLUSIONS 
There i s  no s u r e  and a c c u r a t e  formula o r  methodology s u i t a b l e  f o r  a l l  
c a s e s .  I f  p o s s i b l e  it is  prudent  t o  use  seve ra l  methods f o r  each  
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computation and t o  compare t h e  r e s u l t s .  The p r o g r e s s  i n  hydrology 
from t h e  use of  remote sens ing ,  m u l t i p l o  r e g r e s s i o n  ana lyses ,  
gene ra t ion  o f  s t o c h a s t i c  series and v a r i o u s  models,  i s  very u s e f u l  
bu t  i f  on ly  inadequate  d a t a  are a v a i l a b l e  t h e  weakness of  t h e  b a s i s  
of  t h e s e  combined procedures must be borne i n  mind; t h e  v a l i d i t y  
of each procedure must be checked t a k i n g  i n t o  c o n s i d e r a t i o n  t h e  
b a s i n  c h a r a c t e r i s t i c s  ; a c a r e f u l  comparison of  t h e  computed r e s u l t s  
must be made wi th  t h e  observed r e s u l t s .  I f  t h e s e  p r e c a u t i o n s  are 
neg lec t ed  l a r g e  e r r o r s  may o c c u r .  
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